Introduction
Onchocerciasis is a neglected disease and one of the two most important filarial infections that may lead to severe pathology in humans [1, 2] . It is caused by the parasite Onchocerca volvulus and transmitted by infected blackflies of the genus Simulium. The majority of cases of onchocerciasis occur in sub-Saharan Africa within the equatorial region. An estimated 102 million people are at risk of onchocerciasis in 20 African countries [1, 3] . The Democratic Republic of Congo (DRC) is the largest filariasis endemic country in Africa, with 31.3 million people at risk of onchocerciasis [4, 5] .
The two main problems associated with onchocerciasis are its ocular and cutaneous manifestations. Onchocercal ocular disease and blindness result from chronic infections, making onchocerciasis the world's second-leading cause of infectious blindness. On the skin, it causes severe itching, disfiguring skin lesions, and depigmentation [3, 6] .
The current mainstay of onchocerciasis control is mass administration of ivermectin in endemic communities. Ivermectin is a macrocyclic lactone endectocide discovered in the mid-1970s and first used for the treatment of nematode and arthropod parasites in animals [6] . Since the 1980s, its use in humans for the treatment of filariasis, especially onchocerciasis, gave hope for the control and possible eradication of filariasis in humans [7] . However, one of its major problems is its association with serious adverse events (SAEs), including deaths when administered in regions where onchocerciasis and loiasis are co-endemic [8] . The issue of SAEs due to ivermectin is a threat to adherence to mass drug administration (MDA) and the control and elimination of disease in communities co-endemic with O. volvulus and Loa loa. MDAs were suspended from 2004 to 2006 in some health zones in the Equateur, Bas Congo, and Oriental provinces in the DRC because of ivermectin-associated SAEs in the Bas Congo and Oriental provinces in 2003 [5] .
Unfortunately, very few reports are available from countries co-endemic with O. volvulus and L. loa [9] to describe the extent of the disorders and thus enable the design of strategies for safe administration of ivermectin for onchocerciasis or lymphatic filariasis in such regions [10] . For example between 1981 and 2001, only 207 SAEs were reported from seven African countries. Among them were 103 cases of encephalopathy, with 65 satisfying the definition of ''probable or possible L. loa encephalopathy temporally related to treatment with mectizan Ò '' (PLERM) [11, 12] . Most of these SAEs (85%; 176/207) were reports from Cameroon, with only five (2.4%) reported from the DRC [8, 11] . Therefore, the purpose of the current report is to describe central and peripheral nervous system disorders following mass administration of ivermectin as captured by the DRC pharmacovigilance system in order to contribute to the clinical and epidemiological picture of L. loa encephalopathy in the country.
Methods

Study Area
The DRC is in Central Africa and covers an area of 2.3 million km 2 and has a population of over 70 million. The DRC health system consists of the national level, 11 provinces, 52 health districts (HDs), and 515 health zones (HZs), which constitutes the operational level. At the HZ level, healthcare is provided at either university hospitals, provincial general referral hospitals, referral hospitals, referral health centers, health centers, or as communitybased care. Onchocerciasis is prevalent in all 11 of the provinces of the DRC at different levels of endemicity and among populations living in remote areas along rivers. Estimates in 2012 revealed that 41,618 communities with a total population of 31.3 million are at risk of infection, with 14 million already infected [5] .
MDA is undertaken in meso-and hyperendemic communities. A single dose of ivermectin (Mectizan Ò ) 150 mg/ kg is given annually, monitored by the National Onchocerciasis program (PNLO) and essentially funded by the African Programme for Onchocerciasis Control (APOC). Two strategies are used to increase the coverage of the MDA: community-directed treatment with ivermectin (CDTI) and health-worker based treatment. By 2012, about 119,340 community-directed distributors and 13,493 health worker-based treatment centers were established in a total of 39,100 communities, leading to geographical and therapeutic coverage of 93. 9 [5] . From 2008 to 2012, the DRC had 21 operational CDTI activity areas, with 16 of these areas co-endemic for onchocerciasis and loiasis.
Democratic Republic of Congo (DRC) Pharmacovigilance and Data Management System
The PNLO employs a passive surveillance system for the reporting of SAEs following ivermectin MDA and uses SAE reporting forms provided by The Mectizan Ò Donation Program as individual case safety reports (ICSRs). ICSRs contain information on patient demographics, drugs administered, SAEs, and laboratory results, including levels of L. loa microfilariae (mf) in blood and/or cerebrospinal fluid (CSF) on a post-treatment basis. Searches for microfilariae in blood are performed in the field using a calibrated thick blood smear test. The data collection covers all health system levels from the operational to the national level. At the national level, the PNLO collaborates with the DRC National Pharmacovigilance Center for data management on SAEs related to ivermectin. The CNPV makes available the ICSRs submitted by health workers during ivermectin MDA. The CNPV receives completed ICSRs, performs analysis and causality assessment, and enters data into the World Health Organization (WHO) Global ICSR database (VigiBase).
Before data entry, junior assistants perform two analyses of the ICSRs: the first aims to assess completeness and the second is for causality assessment. The software used to enter data into VigiBase is called VigiFlow. Senior assistants check the ICSRs entered into VigiFlow for discrepancies then commit and send the ICRS from VigiFlow into VigiBase. In VigiFlow, reactions are registered using the WHO adverse drug reaction terminology. Preferred terms (PTs) are generally used to describe the reported adverse event. The software automatically generates the corresponding system and organ class (SOC) terms. Feedback is provided to the PNLO and, if necessary, to the health worker who reported any specific cases.
Study Design
This was a retrospective descriptive study involving the review of data on adverse events related to mass administration of ivermectin extracted from the DRC pharmacovigilance system, which has been registered into the WHO Global ICSR database (VigiBase). The review covered the period 2009-2013 and focused on reported central and peripheral nervous system disorders.
Data Extraction
Data were extracted into a Microsoft Ò Excel spreadsheet and PDF file from VigiBase using VigiLyze software in December 2013. Search criteria in VigiBase included the substance ivermectin as the drug and DRC as the country. For supplementary information missing from VigiBase, we used an Excel spreadsheet generated via the 'search and statistics' function of VigiFlow. The following search criteria were used in VigiFlow: drug (ivermectin); drug operator (or); drug level (active substance); reaction level (preferred); include concomitant (yes). When further precision was needed, we consulted either the ICSRs, which were the main primary source, or the internal printout generated from the 'search and statistics' report list. For analysis of adverse events, only SOC terms and PTs were considered. In SOC, central and peripheral nervous system disorders were separated from other system and organ disorders.
Definitions
The International Conference on Harmonization (ICH) Guideline for Good Clinical Practice defines an SAE as any untoward medical occurrence that, at any dose, results in death, is life-threatening, requires hospitalization or prolongation of existing hospitalization, results in persistent or significant disability/incapacity, or is a congenital anomaly/birth defect. Central and peripheral nervous system disorders were automatically generated from the VigiFlow software. L. loa encephalopathy and PLERM were defined according to the latest adaptation, where 'probable' refers to a probable case of L. loa encephalopathy that contains the following elements: (1) encephalopathy (without seizures, usually with fever) in a person previously healthy and with no other underlying cause for encephalopathy, and (2) onset of progressive central nervous system symptoms and signs within 7 days of treatment with ivermectin; illness progressing to coma without remission, and (3) peripheral blood L. loa [10,000 mf/ml pre-treatment or [1000 mf/ml within 1 month post-treatment or [2700 mf/ml within 6 months of treatment; and/or L. loa microfilariae present in CSF within 1 month post-treatment [11] .
Data Analysis
The generated Excel spreadsheet was exported into Stata version 12. Both Excel and Stata software were used for data analysis. Categorical variables were summarized as frequencies and percentages. Continuous variables were summarized as means with their 95% confidence interval (CI). For data that were not normally distributed, the median and interquartile ranges (IQRs) were provided when necessary. Statistics generated by the VigiLyze software were also used. If discrepancies were noticed when comparing results from VigiFlow and VigiBase, data from the VigiFlow 'search and statistics' were considered. Analysis was limited to descriptive statistics because of the small number of reports.
Ethical Issues
This retrospective data analysis was based on national pharmacovigilance system that had already collected and archived the data. Therefore, the consent of individual participants could not be sought. The current analysis did not include individual identifiers.
Results
Distribution of Central and Peripheral Nervous System Disorders Following Ivermectin Administration
As (Fig. 1) . The cases from the province of Equateur consisted of 41 from North Ubangi (HZ of Loko 16, Businga 12, Boto 9, Gbadolite 3, and Yakoma 1) and ten from South Ubangi (HZ of Bominenge 2, Bwamanda and Ndage 4 cases each). The Oriental province case came from the HD of Dingila, HZ of Viadana.
Reported Systems and Organs Disorders and Related Adverse Events
Several system and organ disorders were reported among the 52 patients. All patients had central and peripheral nervous system disorders: 25 of the 52 (48.1%) had altered mental status, with 23 (92.0%) meeting the criteria for PLERM, and two had encephalopathy of unknown etiology. One of these two had no microfilariae in the blood, and data on L. loa microfilaremia were missing for the other. Of those with PLERM, 14 (60.9%) were males, and the mean age was 37.3 years (95% CI 31.1-43.6; range 20-73). The mean time of onset of symptoms was 2.6 days (95% CI 2.1-3.2) for all cases (n = 52) and 2.4 days (95% CI 2.0-2.9) for PLERM cases (n = 23) ( 
Parasitological Measurements and Patient Outcomes
The mean concentration of L. loa microfilariae in the peripheral blood of all patients with central and peripheral nervous system disorders (n = 51) was 1743. had \1000 mf/ml of peripheral blood. The CSF of two patients was examined microscopically, and one was found to be positive for L. loa microfilariae. However, this patient did not have microfilariae in the peripheral blood and was in a coma. A Giemsa-stained thick blood smear was performed for 14 patients; three (21.4%) were found to be positive for Plasmodium falciparum infection. P. falciparum was found in one of three PLERM cases tested (Table 1) . Of all patients, three (5.8%) died and three (5.8%) had disabilities; in PLERM cases, one (4.4%) died and two (8.7%) had disability (Table 1) .
Discussion
Data on reported adverse events following ivermectin MDA in the DRC were extracted from the National Pharmacovigilance System registered into VigiBase. The review focused on central and peripheral nervous system disorders. A total of 52 SAEs were included in the analysis. Almost all the reported cases (98.1%) came from the province of Equateur, with one coming from the Oriental province. In total, 25 patients had altered mental status, 23 of whom met the criteria for PLERM. A wide range of adverse events, including headache, coma, abnormal gait, stupor, asthenia, conjunctival hemorrhage, fever, back pain, urinary incontinence, and psychiatric disorders were reported, mainly in males [11, 12] following the administration of ivermectin. Similar adverse events have been reported in earlier research [8, 13, 14] . According to Boussinesq et al. [8] , post-ivermectin L. loarelated SAEs are probably not due to a direct toxic effect of the drug, but the main factor associated with the risk of post-ivermectin SAEs is the L. loa microfilariae load. Central and peripheral nervous disorders, specifically L. loa encephalopathy, should be caused by the effect of L. loa microfilariae at the cerebral level after ivermectin administration [8] .
These reports on adverse events were not distributed across all provinces in which ivermectin MDA took place but mainly from the province of Equateur, similar to findings of Twum-Danso [11] in Cameroon, where 97% of 65 PLERM cases came from the southern part of the country. This focality of SAEs has been attributed to coendemicity of O. volvulus and L. loa [15] , with the main risk factor being a high intensity of Loa microfilariae [8] and taking the drug for the first time [16] .
Although this predominance of reporting from Equator may be due to a poor national spontaneous adverse event reporting system with uneven reporting across provinces, it remains very important to know the localities in which people are more likely to experience SAEs following ivermectin MDA. This will enable health personnel to adequately prepare and direct attention to such areas to ensure comprehensive care when adverse events occur. According to Kelly-Hope et al. [15] , there is significant geographical overlap between low onchocerciasis and high CI confidence interval, CSF cerebrospinal fluid, mf/ml microfilariae per milliliter, PLERM probable/possible Loa loa encephalopathy temporally related to mectizan, SAE serious adverse event loiasis sites in the DRC in relation to HD areas reporting SAEs related to receiving ivermectin. Such overlap of HD areas likely to experience SAEs supports the need for the 'point of care' diagnostic devices being developed to detect people with high levels of microfilaremia ([30,000 mf/ml) [10] . The use of such a device will allow those at higher risk of SAEs to be excluded from taking ivermectin during control exercises. However, 60% of patients had L. loa microfilariae levels AEs adverse events, NOS not otherwise specified, PLERM probable/possible Loa loa encephalopathy temporally related to mectizan less than the defined threshold within 1 month post-treatment, which raises the possibility of PLERM cases even with peripheral blood microfilariae less than the defined pre-treatment load in some settings. This should support the necessity of establishing a good pharmacovigilance system while implementing the use of these devices in the field to catch PLERM cases that may occur with a lower pre-treatment threshold. It is also important to note that not all those who experienced SAEs, including coma, had microfilariae in their peripheral blood. Some had microfilariae in the cerebrospinal fluid instead, as we found in our study and Gardon et al. [17] reported from Cameroon much earlier. Therefore, the use of screening devices would have to take such variations into consideration.
Similar to reports from Cameroon by Twum-Danso and Meredith [18] , SAEs began to manifest within the first few days after taking the drug, with 98% of cases showing symptoms by the fifth day (mean 2.4). Among all patients with SAEs, 5.8% died and another 5.8% had disabilities. Among those with PLERM, 4.4% died and 8.7% had disabilities. Early reporting and adequate care is therefore required for the sustenance of the control program. Among PLERM cases, the fatality rate found in the current study (4.4%) was better than that shown by data from before 2003 (23.5%) [16] , suggesting that improvements in diagnosis and case management of L. loa encephalopathy between 2003 and 2013 have possibly contributed to a decrease in case fatality rate.
Conclusion
Data from the DRC pharmacovigilance system suggest ivermectin may be responsible for SAEs following MDA, with possible effects on the central and peripheral nervous system that may occur even in those with low microfilaremia concentrations in the peripheral blood. However, the distribution of these SAEs is very localized, and therefore, with adequate logistical and human resource mobilization, could be managed without disrupting the national control program. Active pharmacovigilance, including cohort event monitoring and further analytic studies, is needed to determine the proportion of SAEs and central and peripheral nervous system disorders and factors associated with the evolution towards L. loa encephalopathy in order to improve its management. the Mectizan Ò Donation Program for the availability of ivermectin and the support for passive surveillance of serious adverse events at the local level.
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